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Nanoemulsification of Syzygium aromaticum essential oil; Preparation,
optimization, and study of its antibacterial activity against some

gastrointestinal poisoning bacteria
Bahare Asgari !, Ali Mohammadi 12, Bahare Attaran *?
1 Department of Microbiology, Faculty of Biological Sciences, Alzahra University, Tehran, Iran, 2 Research Center for
Applied Microbiology and Microbial Biotechnology (CAMB), Alzahra University, Tehran, Iran.
*Corresponding author: Ali Mohammadi, A.Mohammadi@alzahra.ac.ir

Abstract. The aim of the present work was to make a stable nanoemulsion containing clove (Syzygium aromaticum) essential oil
(PCLO) and evaluate its antimicrobial activity. The effect of the preparation technique, the type of surfactant, and the ratio of surfactant
to oil was evaluated to optimize the preparation formula of oil-in-water nanoemulsion. The dispersity index (PDI) and average size
distribution of nanoemulsions of the optimized formulation were measured using dynamic light scattering (DLS). The optimized formula
prepared by low energy production method, containing 4% w/w PCLO and 12% w/w mixed surfactant (SDS + Tween 80), produced a
clear and stable nanoemulsion for 90 days with an average particle diameter below 150 nm. The antibacterial activity of pure PCLO and
its nanoemulsions (NCLO) was investigated by disk diffusion, agar well, and broth methods in three indicator bacteria of gastrointestinal
infections, Escherichia coli, Staphylococcus aureus, and Salmonella typhimurium. Minimum inhibitory concentration (MIC) and
bacteriocidal concentration (MBC) as well as dynamic killing time, were determined in the tested bacteria. Strong antibacterial activity
of PCLO and NCLO was revealed in the concentration range of 1000-2000 ppm. The killing kinetics study showed that during the first
15 minutes of exposure to NCLO at the MIC concentration, there was a rapid and extensive reduction in the number of viable
microorganisms. The presented data, considering the optimal performance of antimicrobial substances in food, cosmetics, and chemical
industries, can help in the rational design of nanoemulsion-based essential oil delivery systems.
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Figure 1. Some clove nanoemulsions produced using

Tween 80 alone and combined with SDS caused
differences in appearance color and stability.
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Figure 2. The average particle size of clove

nanoemulsions produced using Using a combination of
Tween 80 and SDS. The average size is about 121.34 nm.

)
Ao s b oss aidls ypadsalyil g3 o a5 ols ol gl
299 oy Blad 0525 L SDS L oS5 0 5 bt @
590 ) 5l om A s b ead aisle slagy g g4lgil < sl 59,
D929 (nl b Sgdon ol B, a5 )3 (84, I3 5 0ad oS
Ae o+ SDS 5l soliiwl b ooy aicudgalgit PCLO

L o5 amss (g, 4 0ol dngd S il ouds izl gl gl galsil (g lasly gy Y S
SDSyA: g oS 5 (0 Ve g A g laciliss gus (il
Figure 3. Investigating the stability of clove essential oil nanoemulsions prepared by
spontaneous method with Tween 80 and 20 surfactants (A) Tween 80 and SDS combination (B).
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Table 2. Agar well diffusion test results using clove essential oil,
related nanoemulsion and control.
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Table 3. MIC and MBC results of clove essential oil and corresponding nanoemulsion

against three bacteria
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Figure 4. Results of inhibition percentage related to clove essential oil and its nanoemulsion compounds on
Salmonella typhi bacteria.
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Figure 5. Results of inhibition percentage related to clove essential oil and its nanoemulsion compounds on E.coli.
bacteria.
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Figure 6. Results of inhibition percentage related to clove essential oil and its nanoemulsion compounds on
S.aureus. bacteria.
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Figure 7. Escherichia coli 0.0001 dilution death curve in MHB broth medium in treatment with clove
nanoemulsion. The growth of bacteria is completely stopped compared to the control chart.
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Figure 8. S.aureus 0.0001 dilution death curve in MHB broth medium in treatment with clove nanoemulsion. The
growth of bacteria is completely stopped compared to the control chart.
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Figure 9. Salmonella Typhimurium 0.0001 dilution death curve in MHB broth medium in treatment with clove
nanoemulsion. The growth of bacteria is completely stopped compared to the control chart.
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